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EXECUTIVE SUMMARY
This report describes the main challenges to urban travel in Mexico. We focus on some of the basic causes of urban transport problems, and we analyze some urban travel policies that could be considered good practices towards sustainable urban development. Mexico City is the emblematic case.
For several decades, urban growth in Mexico has been explosive in terms of urban land use and population, and the number of cars on urban roads has grown even faster. In the last ten years, while the urban population increased from 72.8 million to 86.3 million, the number of motor vehicles increased from 15.6 million to 33.4 million. More than half of the increase in vehicles is probably attributable to cars more than 10 years old imported from the United States, less expensive cars with lesser mechanical, environmental and energy performance. The rate of new car purchase was negative.
Overall demand for gasoline is rising, which is congruent with the increased total quantity of vehicles. Increasing gasoline prices have had little effect on the growth of the car fleet, and when measured at constant prices, the increase is not very high. However, the price of diesel fuel used by urban transport operators increased more rapidly than gasoline, even at constant prices, a situation which does not to favour a shift towards public transport.
Mobility needs in Mexico City grew to 22 million trips daily in 2007. As in most Mexican cities, public transport predominates. Four trips were made in public transit for each trip made in a private car. Unfortunately, public transport's lead is eroding. The bicycle had only a small portion of total trips (1.5%), and all non-polluting modes (bike, STC subway, trolleybus and light rail transit) had only 17% of the total.
In 2007, the predominant urban transport user was an adult worker or employee, followed by younger students. An important characteristic of urban mobility is the high number of hours spent on transport. In 2007 the people of Mexico City used about 17.5 million hours daily to travel to their activities. This is equivalent of more than 2.2 million workers doing nothing for eight hours. This comparison with working hours gives us a preliminary idea of the economic and social cost of urban transit that replaces productive activities, rest, family life or education.
Another dimension of transportation in Mexico City is the emission of polluting gases. The analysis in this report found that although these emissions were very large in 2004 (1.8 million tonnes of carbon monoxide, 822 tonnes of organic pollutants, 180 000 tonnes of nitrogen oxides, 27 000 tonnes of suspended particles, and 6 622 tonnes of sulphur dioxide), they are dropping, most significantly in the case of carbon monoxide. This reduction is even more relevant because the pollutant level is already below the level that Mexico considers the maximum permissible. This reduction is occurring as a consequence of various government programs, including the replacement of old vehicles, better fuels, mandatory use of catalytic converters and vehicle inspection programs.
Perhaps the main obstacle faced by urban transport projects is the lack of modernization of the institutional framework. To some extent, this problem is caused by the relative disdain of certain authorities towards the proposals of transport operators or public transport users. However, we need to emphasize that any transport project must seek the active participation of both authorities and operators/users as an indispensable condition.
In Mexico there are three levels of government: federal, state and municipal.
In most major cities in Mexico, the state government is directly responsible for the planning, design, operation and control of transportation systems, while federal authorities have had a relatively limited participation in projects of urban transport modernization. Municipal governments are restricted to traffic control activities, public security and maintenance of the local road network. It is important to recognize that the design of new public policies to improve the performance of transport systems is not necessarily addressed by a specific level of government.
The federal government has created two programs under the National Development Plan to improve the performance of urban transport in Mexico. In general, both programs anticipate increased efficiency and quality in urban transportation services as well as the containment of negative impacts on the environment. These two programs are the Federal Support for Mass Transit Program (PROTAM) and the Urban Transport Transformation Program (PTTU). The first urges modernization projects for urban and suburban public transport, mainly for cities over 500 000 inhabitants. Selected projects must be oriented to providing more efficient, safe, comfortable, reliable and accessible service to the majority of the population. The second is to put urban transport on a growth path of lower carbon emissions, encouraging the use of clean technologies in urban transport.
This report contains a brief description of some of the most recent urban transport projects and government programs that could be seen as good practices for sustainable transport policy. In that sense, it is important to recognize the broad social acceptance of Bus Rapid Transit projects in the cities of León, Guadalajara and Mexico. In addition, we briefly describe the bikeway program and the replacement of old taxis which are among the most emblematic actions of sustainable mobility policy in Mexico City.
The main conclusions and recommendations of this report are the following.
Mexican government needs to correct the excessive reliance on low-capacity vehicles.
The main alternative to automobile is the change to mass transit. However, this change could be an efficient solution only if the transportation system in Mexican cities undergoes a process of professionalization.
Various projects to abate automobile emissions have been effective, but the sustainability of cities is not solely an issue of containment or mitigation of environmental damage to the atmosphere.
High levels of energy consumption, the lack of control over the sprawl of most Mexican cities, and the low quality of service in almost all public transport services require the search for new options and corresponding public policies. There is an accumulation of gaps in the organizational, technological, operational and infrastructural characteristics of most urban transport firms or groups of operators in Mexican cities.
The institutional framework that evolved to necessarily high levels of complexity in the past sometimes fails when facing new challenges from emerging social needs, and misses opportunities to adopt new, more efficient technologies.
Many cities continue traditional management of public transport restricted to the administration of the concession system, mediation in fare disputes, or modernization of the road infrastructure. It is rare to find proposals for public policies that involve, for example, an intermodal profile for reducing environmental and social costs.
All policies that may affect the central objectives of the strategy for sustainable urban transport, for instance those postulated in PROTAM and PTTU, should be integrated. Two policies that could be reviewed are those affecting the purchase of private vehicles (financing, importation, technologies incorporated, etc.), and those affecting the relative price of fuel for different transportation modes.
Only mass transit projects that are fully justified economically (including any firm commitment to ongoing public financial support) should be selected, with conditional approval of financial resources subject to a rigorous process of assessment of technical and economic feasibility and compliance with environmental regulations.
Urban transport systems in Mexican cities must improve the level of coordination and integration between all modes of transport, with actions beyond political rhetoric. For example, electric vehicles and non-motorized transport should be considered as part of an overall vision. Modernization projects should be approved only if they include consideration of all relevant modes and all types of users.
As part of a strategy to reverse the increasing use of cars, all levels of governments must design and disseminate a "culture of acceptance" toward mass transit. It is important to promote a more favourable attitude in relation to public transport. The strongest form of support for this campaign will be improvement of the quality of public transport.
For proper implementation of new urban transport policies, improvement in all the instruments of urban transport management at each government level, is needed, covering concession procedures, fares approval, investment regulations, operating regulations, organizational structures and modernization projects.
The promotion of research and development in the field of urban transport is important for the creation of management tools for mass transportation systems as well as for the creation or adaptation of technologies for vehicles and facilities.
PREFACE
Mexico is a country of North America, bounded by the Pacific Ocean and Gulf of Mexico, bordered on the north by the United States of America and on the south by Guatemala and Belize. The country covers 1.97 million km 2 and in 2010 had more than 112 million habitants. Mexico celebrated in 2010 the 200 year anniversary of its war of independence and the 100 year anniversary of the civil war that created the current political system. Mexico is a federal republic integrating 32 states. The seat of government and federal authorities are located in the Federal District, which constitutes the main territory of Mexico City.
In 2010 the Mexican Gross Domestic Product (GDP) per capita was USD 9,168 (at rate exchange of 12.8 pesos per dollar), and the annual inflation rate was a relatively low 3.8%. The main trading partners are the United States and Canada. Its main foreign exchange earnings are from oil production, tourism and remittances from overseas workers.
During last century Mexico has shown impressive growth in total population, mainly concentrated in the cities. Urban growth has coincided with problems, not only the crucial issue of transportation needs but also the corresponding consumption of time, health and lives as well as capital resources for infrastructure, vehicles and increasing amounts of energy.
This report aims to review the conditions and main results of sustainable mobility practices currently implemented in Mexican cities. As recognized by an seminal OECD document, "assuring that the growing numbers of urban and suburban dwellers in all socio-economic strata have access to the services and activities integral to their daily lives, while minimising the negative environmental, equity, economic and health impacts of travel, is the principal goal and challenge facing transport and land-use policy-makers at this time."
1 In that sense, we try to present an overview of conditions that must be taken into consideration when designing a strategic management process for sustainable mobility in Mexico. Because of the importance and leadership of Mexico City in the Mexican context, the analysis focuses mainly on that city.
Before discussing the specific issue of policies and actions directly related with sustainable transport, it is necessary to describe some important issues at the base of such policies. First, we review the magnitude and implications of the urban growth process supported by the intensive use of land, automobiles and energy. Then, we describe the basic features of mobility within the Mexico City. Later, we discuss recent developments in the situation of air pollution in Mexico City, which is probably the most visible manifestation of the problems that arose in the absence of appropriate urban transport management. With these elements as context, we describe the current institutional framework which has been implementing or could implement policies that lead to a comprehensive strategy for sustainable and efficient urban mobility. This report includes a profile of actions or projects that could be part of such strategy, and it report includes some of the main elements to consider in designing a new urban travel policy in Mexico.
URBANIZATION AND MOTORIZATION IN MEXICO
In this chapter of the report we focus in the main features of the complex process that caused the current problems of congestion, accidents and pollution in most cities of Mexico.
Growth of population and cities
Although Mexico's population growth shows a clear tendency to decelerate, the current size of population presents many challenges, especially in cities. While the annual average growth rate between 1970 and 1990 was about 2.6%, that rate was only 1.6% in the period 1990 to 2010. The total population of Mexico in 2010 was more than 112 million inhabitants (Figure 1 ). This growth has taken place mainly in the cities. Early in the 20 th century, just 28.3% of the population lived in Mexican cities. Today three of every four Mexicans (more than 86 million) live in cities: The urbanization process, among other factors, is driven by people migrating to cities looking for a higher standard of living. Thus, as shown in Table 1 (see Annex), the states with the highest levels of urbanization exhibit a trend of higher GDP per capita. The metropolitan area of Mexico City accounts for about 18% of the total population (Figure 2 ). Ten cities in addition to Mexico City have populations exceeding one million (Figure 3 ). Guadalajara and Monterrey have more than four million inhabitants and represent themselves as megacities.
Mexico City is the main hub of national development. The metropolitan area of Mexico City together with the states of Puebla, Tlaxcala, Mexico, Hidalgo, Morelos and Queretaro form the central region of Mexico (Figure 4 ), which is a concentration of population, industry and commerce. Therefore, proper management of the transport system is important not only for its own economic and social impact but also because successful public policies in the central region of Mexico can be the basis for the future application of modernization programs in other cities and regions.
In fact, the growth of the central region of the country could be considered a success in the plans for a regional development strategy that considers sustainable mobility. While the Federal District has grown slower than the national average since 1980, the cities and states surrounding Mexico City have grown faster than the national average. An analysis of migration flows and economic performance of the states around Mexico City reveals a process of regional convergence with greater economic interaction between nearby towns and the city of Mexico. This process could be seen as an opportunity for a more balanced urban system, creating opportunities for efficient and sustainable mass transit, such as the Queretaro -Mexico Train. Sustainable options can compete with the increasing use of cars and buses in transport corridors surrounding Mexico City.
Motorization: causes and trends
As in many countries, politicians have used the figures of increased traffic flow in Mexico as proof of modernity and progress. However, congestion and pollution are changing that view.
Growth of vehicle fleet
The increasing number of vehicles is the main factor affecting urban life because of their consequences in energy consumption and environmental damage. A simplified view is that the growth is a natural result of development, solving transportation needs of our growing population. The reality could be more complex, given the options we have to manage the problem. Some data could help to understand the situation.
As could be seen in Figure 6 and Table 2 in the Annex, the total number of vehicles in Mexico has doubled in the last ten years. This growth is more concentrated in some regions and cities than others, causing a real motorization crisis in some geographic areas and at specific points of road networks. The growth of the vehicle fleet exceeds by far the population growth. In 2000 we had a total of 160 vehicles per thousand inhabitants, this indicator rose to almost 300 in 2010 ( Figure 6 ). (Table 3 in the Annex), which implies that specific conditions cause rapid regional motorization. Moreover, different measures should be designed for such regional conditions in addition to national policies of general application. For example, Baja California Sur, had the highest rate of motorization, largely due to its low population density, and that low density implies that efficient mass transport projects could face serious financing constraints. * Note: ARG = average rate of growth.
Source: own calculations based on data from Table 3 .
The trend of buying cars
Over the last ten years inhabitants purchased about eight million new cars ( Figure 7 ). However, there are nearly 17.8 million more vehicles on Mexican roads. This latter figure includes all types of vehicles, and there is a lack of reliable explanatory data. A possible answer lies in the importation of used vehicles mainly from the United States. Because Mexico requires such imports to be more than ten years old, we are concerned that the vehicles could have a poor performance in terms of exhaust emissions and fuel efficiency. This situation could have important energy and environmental implications and must be taken into consideration in a strategy for sustainable transportation. Figure 8 shows an upward trend in fuel consumption that is congruent with the total number of vehicles travelling Mexican roads. Consumption of gasoline and diesel has an average rate of growth of 3.8% and 2.5% respectively in the period from 2000 to 2010. This increase has a double meaning. First is the concern for environmental damage due to the increased consumption of fossil fuels. Second is the observation that the increasing cost of purchasing fuel does not seem to have diminished demand. The price of "Magna," the most widely used gasoline for cars in Mexico, increased from MXN 5.05 to MXN 8.76 per litre, in the period of 2000 to 2010, at a growth rate of around 5% ( Figure 9 ).
Consumption and the price of gasoline and diesel
It is important to note that this increase is smaller than the corresponding increase in the price of diesel used by public transport. The discrepancy does not favour a shift towards public transport. Considering that the national Consumer Price Index ( Figure 10 ) rose at 3.7% over the same period, at constant prices the average annual rise in gasoline price is only about 1%.
The increase in the price of diesel explains why the national Producer Price Index of urban transport companies is one of the highest among productive sectors ( Figure 10 ). The obvious consequence of the increase in costs, particularly fuel, is pressure on transport firms to raise fares. If authorities allow such increases, public transport is less attractive to users in terms of relative cost compared to the private car option. However, when local authorities are reluctant to increase fares on public transport for a long time, this situation could lead to delays in maintenance and vehicle replacement, causing a reduction in the quality of transportation service. 
URBAN TRAVEL TRENDS IN MEXICO CITY
The most recent origin and destination survey in Mexico City (EOD, 2007) confirmed the majority of characteristics and mobility trends found in previous studies and included some important changes.
In 2007, the total number of modal trips daily in the Mexico City metropolitan area (MCMA) exceeded 30.4 million ( Figure 11 ). The modal split shows the relative importance of each transport mode, and trends can be seen when comparing the results with those of the 1994 survey ( Figure 12 ). Origin destination surveys distinguish between complete trips from origin to destination and modal trips, the individual portions of a trip using a particular mode of transport. Figure 13 compares the age structure of transport users from the origin destination surveys of 1983 and 2007. In 1983, the majority of people traveling within the MCMA were aged 6-24, while the adults (25 to 59 years) were the second largest group. In 2007, the groups are reversed. Those older than 60 are a relatively small but growing fraction. The change is a consequence of changes in the demographic and economic structure of Mexico City and is congruent with the distribution of trip purpose (Figure 14) . Trips to school decreased in share, while trips to work increased. The principal purpose of trips is the return home, while trips starting at home have multiple destinations. 16 ) is a most important issue in the design of public policies for transportation in the MCMA. Long travel times can be attributed to three interrelated factors: the expansion of urban sprawl, inefficient public transport and road congestion. A detailed study of the specific importance of each of these factors could lead to more informed design of urban transport policy.
The average travel time is 49 minutes for trips originating in the Federal District and nearly 47 minutes for the suburban zones of Mexico City within the state of Mexico. Trips of less than 30 minutes have increased in importance throughout the MCMA, and trips originating in suburban zones have reduced their average travel time. This could reflect successful urban development in suburban zones encouraging inhabitants to travel to nearby areas and not toward the city centre. A 1983 study found an average travel time of 100 minutes from the city centre to the most remote areas within the urban sprawl. However, 5% of trips require excessive travel time of more than two hours. Inefficient transport often burdens poor people disproportionately, as they depend on public transportation and often have the longest commutes.
Based on the data from origin destination surveys, we produced the calculations in Figure  17 . The main conclusion is the considerable time spent in transport. In 2007 people of the MCMA travelled about 17.5 million hours a day. This is the equivalent of more than 2.2 million 
TRANSPORT AND AIR POLLUTION IN MEXICO CITY
Transport is a big polluter of the atmosphere, lithosphere and hydrosphere. Atmospheric pollution is the most notorious, and most of the urban population perceive air pollution or suffer its inconveniences. The problem is attributed to traffic congestion and inefficient transport services. This chapter focuses on the analysis of the relationship between the transportation and atmospheric pollution.
Pollutant emissions and transport
In Mexico City, the most important elements of atmospheric pollution are particles, carbon monoxide, nitrogen oxides, ozone and lead. Other air pollutants are also measured continuously, and the complete list is shown in Table 4 in the Annex.
The "Inventory of Emissions in the MCMA, 2004" (Figure 18 ), carried out by the Environment Secretariat of the Federal District Government, shows source of the major polluting emissions. The percentage of each source to the total tonnage of pollutants is shown in Table 5 in the Annex. In 2004, the most important atmospheric pollutant in Mexico City was carbon monoxide, measured at 1.8 million tonnes, which was significantly less than the 3.8 million tonnes measured ten years earlier (Figure 19) 3 . More than 99% of CO emissions came from mobile sources. The second largest atmospheric pollutants were organic compounds (COT), most of which came from such area sources as commercial and domestic use of solvents, as well as from unburned hydrocarbons in the combustion of propane. However, mobile sources were the second largest source of this pollutant. Mobile sources were also the main source of oxides of nitrogen, with 82.2% of the total of 180 000 tonnes. Suspended particles and sulphur dioxide emissions in 2004 declined significantly from 1994.
With this significant reduction of polluting emissions, it is important to know what has been the participation of mobile sources. The private car is the main mobile source of carbon monoxide pollution (Table 6 in the Annex), as well as sulphur dioxide, volatile organic compounds and oxides of nitrogen. Heavy trucks are the largest mobile source of suspended particles.
An obvious question is why a specific mode of transport or type of vehicles generates a given amount of pollutants in a particular year. The precise answer is not obvious. Nonetheless, it is possible to analyze two important aspects. First, the size of the vehicle fleet determines the amount of pollutants it will emit, assuming a specific technological performance, standard fuel efficiency and level of quality in the maintenance and operation. In addition, the volume of emissions depends on the number of vehicle-kilometres.
Private cars are by far the most popular motor vehicle used for transportation, and their absolute numbers increased the most between 1994 and 2006 (Figures 20 and 21) . However, the motorcycle fleet grew at a faster rate and now makes up the second largest mode of motorized transportation. Taxis increased at a high average rate of 6.9% annually, microbuses did not grow, buses grew by 4.8% annually, and combis (vans) grew by 3.4%. The comparison of fleet size with total emissions of mobile sources (Table 6 in the Annex) indicates the relationship between the number of vehicles and the contribution of a transportation mode to specific pollutants. Given the great concern about the high levels of carbon monoxide in Mexico City and the fact that private cars are the largest source of this pollutant, it is essential to strengthen policies that curb their growth.
However, in addition to fleet size, other factors must be considered, such as the number of kilometres driven by certain vehicles in a certain period. Table 7 Technological characteristics, mainly fuel efficiency and mechanical quality, have an important effect on environmental performance of vehicles. Also, in the case of public transport, the level of organization, training and expertise of the transport operator could be very important contributors. Moreover, factors like the physical environment or a congested road network could cause increased pollutant emissions. A detailed analysis of these factors is beyond the scope of this report. However, we can look at the specific case of vehicles operating in the MCMA during 2004, in order to understand their performance in the current context of Mexico City. Table 8 Under the criteria of the emissions per kilometre, the passenger car is not the worst polluter. Light and heavy trucks, vans and microbuses all emit more carbon monoxide per kilometre. Because commercial vehicles are used intensively, a more frequent vehicle turnover and a substantial improvement in maintenance and operation practices likely could reduce carbon monoxide emissions in Mexico City.
In the case of volatile organic compounds, cargo vehicles again have the highest pollution per kilometre, followed by minibuses and vans and accompanied by buses. Trucks and buses are the worst performers in emissions for nitrogen oxides, PM10 and PM2.5. Buses are the biggest polluter per kilometre for SO2 emissions.
Air Quality
Mexico City has a history of air pollution, and for several decades, government has implemented various programs to improve air quality. Among the most important are those relating to transport, roads and urban development.
Mexico City has a reasonably reliable system for monitoring air quality There is a clear downward trend in almost all concentrations of pollutants in Mexico City with the exception of nitrogen oxides. Carbon monoxide emissions have been reduced to less than a quarter of the values observed in 1988. This reduction is even more relevant when considering the concentration levels acceptable for humans (Table 10 in the Annex).
Similarly, in 2009, PM10 levels are reduced to 60 μg/m3 and PM2.5 levels down to 21 μg/m3, while those for the SO2 and lead are 0.006 and 0.04 parts per million, respectively. All these pollutants are already below the levels that Mexico considers to be the maximum allowable concentration.
This general downward trend is a consequence of various government programs that seem to be achieving their goals. These programs include the replacement of old vehicles, better fuels, mandatory use of catalytic converters and vehicle inspection programs.
INSTITUTIONAL FRAMEWORK AND DECISION MAKING FOR SUSTAINABLE URBAN TRAVEL
This chapter reviews the institutional framework directly related to transport decision making in Mexican cities. Transport systems require a set of institutions and rules for good functioning. A failed institutional framework helps to create conditions for chaos in transport service and increases the economic and social costs of transport systems. The institutional framework refers to norms and rules of governments as well as the collective actions, political commitments and social habits of people in a particular city. We have tried to emphasize the common elements, institutions and practices that frequently are part of the complex institutional framework of urban transport in Mexico.
Perhaps the main obstacle faced by urban transport projects is an outdated institutional framework. To some extent, this problem is caused by the relative disdain of the authorities towards proposals of transport operators or public transport users. However, any program or specific transport project must seek the active participation of both authorities and operators/users as an indispensable condition.
Federal authorities have jurisdiction throughout the national territory, state authorities within their states, and municipal authorities at the local level. Each has some specific role in urban transport management. Usually, there is a clear distribution of tasks, decisions and responsibilities for each level of government, but there could be exceptions. Figure 22 is a diagram representing the major transportation decisions taken by three levels of government authorities in a Mexican city. This simplified schema describes the general characteristics of a complex decision-making process. In most major cities, the state government is directly responsible for the planning, design, operation and control of transportation systems, while federal authorities have had a relatively limited participation in projects of urban transport modernization. Municipal local governments are restricted to traffic control activities, public security and maintenance of the local road network. The design of new public policies to improve the performance of transport systems is not addressed by any specific level of government.
The lack of a specific source of responsibility for change is a fundamental issue. As an OECD document has stated, "All levels of government --national, regional and local -have important roles to play in assuring that effective policy options are identified and implemented." 4 One might assume that municipalities could be more involved in modernization of their transportation systems, as local authorities have more information about transport problems. Unfortunately, except in most large cities, Mexican municipalities have a chronic lack of budgetary resources and an almost total lack of technical and specialized staff. State governments are in a better position to propose new transportation projects because their regulatory agencies have first-hand information. Especially in state capitals, where state governments are in charge on the granting concessions for the provision of public services, they regulate fare policy decisions, public service supervision, route design and some other activities. Federal government involvement has been primarily confined to budget support, although such support is often linked to implementation of federal policies. This linkage probably is caused by federal concern about the possibility of political interference in local or regional jurisdiction.
However, the situation seems to be changing in Mexico as the federal government is getting more involved. As stated in the OECD document cited above: "While most ECMT and OECD countries allocate the majority of responsibility for urban land-use and travel policies to regions and municipalities, there is growing recognition that National Government's role can be a determining factor in bringing about sustainability in urban areas."
5 Chapter 5 of the current report shows how the federal government has been developing an integrated policy framework for urban mobility.
Three secretariats in the federal government have roles in the development and implementation of urban mobility policies.
The Communications and Transport Secretariat (SCT) is responsible for planning, construction, operation and regulation of the transport infrastructure necessary for national integration, and SCT is in charge of regulation of intercity transport. Thus, it can have a strong impact on the performance of regional or local transport. Moreover, SCT is responsible for proper integration of intercity transport infrastructure with the urban transport infrastructure. The Social Development Secretariat has the task of formulating national policy on urban development and urban transport policies necessary for sustainable urban development.
The Finance and Public Credit Secretariat evaluates and provides funds for transportation projects and programs through the national budget. In addition, it decides the key elements of energy price policy.
Several other government offices make decisions affecting urban transport. For instance, the Economy Secretariat can formulate policies related to production and marketing of vehicles, and the Environment and Natural Resources Secretariat formulates policies on environmental protection .
State government organization is frequently a replica of the federal organization with a notable exception. In many cases, state governments do not have a transport secretariat. In those cases, there is generally a public works infrastructure in charge of infrastructure construction and maintenance, and transport services are regulated by a government secretariat or a public security secretariat.
Although in some Mexican cities the municipal government is responsible for policies and projects related to urban transport, in most cities the state government formulates urban transport policy and implements projects.
Usually there are no conflicts over the primacy of an authority over the rightful jurisdiction over a project, policy or specific action related to urban transportation. Law, tradition and political reality work properly. Sometimes, however, different levels of government lack coordination on a particular project. A special complication occurs in the suburbs of growing cities when several municipalities are involved, or even several states as in MCMA. The coordination of efforts between different levels of government, various authorities and multiple transport operators can be a major obstacle to transport modernization. This is an issue that must be changed in order to transform the public transport in the cities of Mexico.
Both public and private capital support public passenger transportation. In some cities government is responsible not only for infrastructure and regulation but also for the service itself. Particularly in Mexico City, mass transportation systems such as the subway and light rail are operated by decentralized agencies under the Federal District Government. Lower-capacity systems of public transportation, like individual taxis, collective taxis (peseros), and tourism buses are operated by private organizations or individuals. An exception is the RTP (Red de Transporte de Pasajeros del D. F.) service of diesel passenger buses, a business that depends on the Federal District Government coexisting with several private operators, including firms created to operate Bus Rapid Transit (BRT) services.
Most organizations that supply urban passenger transport service are groups of individuals operating together but not necessarily as a traditional firm. It is very common to find in Mexican cities informal groups of individuals identified as "hombre-camión" ("man-and-a-truck"), who own a concession to operate one or several vehicles. Such informal groups have many organizational, technical and infrastructural deficiencies. They cannot exploit economies of scale or improve services. This issue could be, in most Mexican cities, the main challenge to overcome by transport authorities. It is almost impossible to convince transport operators about advantages of modernization if they believe that the real motivation is to displace them from the market. Bus Rapid Transit can transform current groups of transport operators into professional firms. The technology of the BRT-Metrobus project in Mexico City made it virtually impossible for peseros to operate under traditional patterns. A merit of BRT-Metrobus has been the inclusion of former peseros in the modernization project as a prerequisite for its viability.
TOWARDS A NEW STRATEGY FOR SUSTAINABLE URBAN MOBILITY
This chapter describes elements that illustrate the trends of urban transport policy. We review federal government programs focused on sustainable urban mobility and describe some of the sustainable transport projects and actions in Mexican cities.
Current national strategy for sustainable transportation.
The Federal Government's National Development Plan ("Plan Nacional de Desarrollo 2007-2012"), has two programs to improve the performance of urban transport in Mexico. In general terms, each seeks to increase the efficiency and quality of urban transportation services and limit the negative impacts on the environment. These two programs are
the Federal Support for Mass Transit Program ("Programa Federal de Apoyo al Transporte Masivo", PROTAM) and the Urban Transport Transformation Program ("Programa para la Transformación del Transporte Urbano", PTTU).

Federal Support for Mass Transit Program (PROTAM)
The federal government's source of funding for transport projects is the National Bank for Public Works and Services ("Banco Nacional de Obras y Servicios"). Recently, the federal government created the National Infrastructure Fund (FONADIN) as a trust in the national bank to promote investments in infrastructure through grants, loans and guarantees. This infrastructure fund is an important instrument for coordinating the investment in the areas of communications, transport, environment, tourism, and others.
The FONADIN Technical Committee in 2008 approved the use of its funds to finance urban mass transit systems of PROTAM. Thus funded, PROTAM began looking for projects to modernize urban and suburban public transport, mainly for cities over 500 000 inhabitants. Selected projects must be oriented to providing more efficient, safe, comfortable, reliable and accessible service to the majority of the population. PROTRAM has two principle objectives: a) To provide financial and technical support for mass transit infrastructure projects with high social returns, whenever they are congruent with the Comprehensive Plan for Sustainable Urban Mobility, which encourages participation of private investment and municipal financial resources. b) To promote the institutional strengthening of local authorities on planning, regulation and management of integrated urban and suburban public transport. PROTRAM provides financial support for studies and preliminary proposals directly related to infrastructure projects in urban mass transport systems like Bus Rapid Transit, tramway, light rail transit, commuter trains and subways.
Among other specific actions, PROTRAMs seek to carry out the following:
To coordinate the interaction of local, state and federal policies for sustainable development in transport, environment, urban development and social well-being.
To improve planning, formulation, administration and implementation of projects, incorporating best practices in the field.
To improve the assessment and selection process of projects, using proven methodologies that maximize the participation of the private sector and encourage the adoption of innovative and cost-efficient technologies.
To promote the projects with highest social benefits, based on their technical, economic and environmental feasibility.
To strengthen government capabilities in planning and management of public urban transport.
To promote sustainable development.
Urban Transport Transformation Project (PTTU)
The Mexican Federal Government obtained access to a loan for PTTU from the Clean Technology Fund managed by the National Bank for Public Works and Services along with a loan from the International Bank for Reconstruction and Development. The PTTU objective is to encourage urban transport in cities and metropolitan areas of the country to reduce carbon emissions.
PTTU provides loans:
To encourage development of efficient and sustainable urban transport systems. To reduce emissions of greenhouse gases and pollution.
To improve the quality of urban passenger transport services. To provide incentives to achieve the transformation of urban transport. To promote the use of clean technologies in urban transport.
PTTU will be used to finance all or part of the "Eligible Projects" or "Selected Actions" that fulfil parameters of the three following components:
Capacity Building (Component 1): funding for training and technical assistance to eligible beneficiaries in order to develop and strengthen institutional capacity to carry out the process of planning, regulation and management of urban transport. 
Environmental and Social Management Framework for Urban Transport (MASTU)
This framework ("Marco de salvaguarda ambiental y social para el programa nacional de transformación del transporte urbano sustentable en Mexico", MASTU) is a document from the National Bank for Public Works and Services and it is part of the PROTRAM guidelines. The World Bank says that "MASTU establishes the social and environmental procedures and institutional responsibilities to ensure that subprojects will include adequate prevention, mitigation and compensation measures to address and minimize the potential environmental and social impacts of construction and/or operation of the different subprojects and to ensure socioenvironmental sustainability of sub-projects." 6 The methodology categorizes projects according to environmental or social problems that can be identified, seeking to ensure that they are subjected to relevant environmental and social assessments.
To this end, MASTU contains:
Information about the program's legal and institutional framework. Procedures and responsibilities of the different stakeholders. General guidelines to prepare environmental impact assessments, environmental management plans and social programs adapted to conditions of each city.
MASTU fulfilment is mandatory for all projects in order to be approved by decision-makers of the National Infrastructure Fund and to receive financial support under PROTRAM. In the case of projects proposed under PTTU, MASTU fulfilment is a condition to be eligible for financial resources from the Clean Technology Fund, the National Bank for Public Works and Services and the International Bank for Reconstruction and Development.
Some key sustainable transportation projects
This section describes some of the most recent urban transport projects and government programs that could be considered good practices for sustainable transportation.
The Integrated Transport System (SIT-Optibus)
The Optibus is the mass transportation system of the city of Leon, Guanajuato. It was inaugurated on 2003. Leon was the first Mexican city to develop Bus Rapid Transit. The system divides bus routes into three categories, two of which use previous services. The new BRT service, operated by Optibús, uses articulated buses on five main routes. Feeder routes operated by regular urban buses were integrated into the system, and auxiliary routes allow transport users to reach a specific transfer station. At the conclusion of the third stage of the system it will service about 80% of urban transport users, or more than 500 000 people.
Mass transit in Guadalajara
Guadalajara has two mass transit systems operated by a single company, the "Sistema de The Metrobus project includes a reform of conventional public transport. Important changes include a new organization to improve service and business operation, an improved infrastructure to achieve a faster flow of vehicles, and modernization of the vehicle fleet to achieve greater energy efficiency and fewer emissions.
The first Metrobus line was built on Insurgentes Avenue, a route of 19 kilometres. Nine additional BRT corridors are proposed for Mexico City, which implies a program of 200 kilometres of confined tracks and 800 articulated buses replacing 3 000 microbuses and saving 214 000 tonnes of CO2 emissions every year. 
Bikeways program
In order to promote non-polluting modes of transport, the Federal District Government developed a project of 75 kilometres of bikeways in Mexico City called "Ciclovía de la Ciudad de México." In this network, the speed of bikers on short trips is similar to that of cars in urban areas and faster than public transport and cars in congested areas. Virtually anyone can purchase a bicycle and its cost can be recovered by not taking public transport. Bicycling is allowed on the STC-Metro and Metrobus route system on Sundays, and the government are testing a bicycle rental operation that can be used in the bikeway system, Chapultepec Park and in the neighbourhood of Coyoacan.
Taxi Replacement Program
This program for taxi owners began in 2002. The Federal District Government grants a subsidy of MXN 15 000 pesos that covers the first payment on a new vehicle, in exchange for the old vehicle which is then destroyed and recycled. The program includes training for taxi owners, provided by Nacional Financiera, covering topics related to the management of credit, personal finance, and improving service.
The objectives of program are:
To reduce polluting emissions To increase road safety To contribute to the reduction of vehicle theft To ensure the withdrawal old vehicles from circulation.
The replacement of 3 000 taxis will reduce greenhouse gas emissions by 14 165 tonnes. 
CONCLUSIONS
The process of urbanization and population growth in recent decades in Mexico involves quantitative and qualitative pressure on transport systems to adequately address the transportation needs of urban residents at the lowest economic and environmental cost possible.
Despite large investments and efforts of different levels of government in Mexico, road and transport networks in most cities are not prepared to meet growing travel demand, and road congestion is impressive in some cities. One limitation of transport networks is the excessive reliance on low-capacity vehicles. More comprehensive policies and programs must be developed, although we would obtain visible results only in the medium term.
Although most people still use public transport in Mexican cities, the use of private cars is growing. The result is traffic congestion, wasted time, lower productivity, and increasing demands for road space and parking facilities.
The main alternative to the automobile is mass transit. Such a change could be an efficient solution if and only if the transportation system in Mexican cities undergoes a process of professionalization resulting in a mass transit solution rather than a massive problem. Professional mass transportation companies would be the backbone of the entire system. With mass transit corridors we can exploit economies of scale and demonstrate to the rest of the public transportation system the advantages of automation and modern facilities.
Support for mass transit is not an issue of ideology or sympathy. We are not interested in a useless debate about mass transit versus automobile as the solution for urban transportation problems in Mexico. The support of mass transit is based on a number of technical reasons:
It is the only option offering the required capacity in the main passenger corridors.
It is more energy efficient per passenger. In fact, it is likely that only the increased use of electrified mass transportation can meet the challenge of diminishing fossil fuel availability.
Urban planning and a more balanced urban-regional development are only feasible through the use of mass transit systems, with high levels of coverage, accessibility and quality of service.
With mass transit, the infrastructure can handle a greater number of passengers per vehicle-kilometre.
Mass transit use implies fewer hours spent travelling. That time could be devoted to productive activities, rest, enjoyment, or to the care of children, which is perhaps a very important social issue.
It results in lower total cost per passenger-kilometre.
It has higher levels of security and safety.
A mass transit program could simplify the financing strategies for large transport companies that give professional and efficient service and provide a basis for reorganizing public transport, its financing and regulation.
As for the problem of air pollution, actions to abate automobile emissions have been effective. However, other problems caused by growing numbers of automobiles remain. High levels of energy consumption, the sprawl of most Mexican cities and the really low quality of service in almost all public transport services, require a search for new public policies. The sustainability of cities is not solely an issue of environmental damage to the atmosphere.
Three main obstacles inhibit the creation of public policies that address growing demands for urban mobility in an efficient and environmentally sustainable way:
The lack of economic resources to finance modernization of transportation systems.
The accumulation of gaps in the organizational, technological, operational and infrastructural characteristics of most urban transport firms or groups of operators.
An institutional framework that evolved to high levels of complexity. While it may have solved many past problems, now sometimes it fails when faced with new challenges because of new social needs, and it sometimes misses opportunities to incorporate new, more efficient technologies.
Although major changes seem to be happening in largest cities in Mexico, in many cities management of public transport is traditional, restricted to administration of concessions, mediation in fare disputes, or modernization of the road infrastructure. It is rare to find proposals for the implementation of public policies that actually involve, for example, an intermodal profile of lowest environmental and social costs.
Conscious of this problem, the Mexican federal government is implementing, with the assistance of some international organizations, a strategy focused on two core projects: the Federal Support for Mass Transit Program and the Urban Transport Transformation Program. Both programs are based on an explicit recognition of the obstacles mentioned above, and they include proper actions to address the main problems. However, some elements of the strategy to close the gap between policy recommendations and their implementation could be as follows:
To promote the integration of all policies that may affect the central objectives of the strategy for sustainable urban transport. This recommendation remembers that "in order to bring about sustainable travel in urban areas, integrated policy packages --comprised of a cross-sectoral mix of regulatory, pricing, and technological measures among others --are needed that send the right signals to both the supply and demand elements in urban land use and transport markets." 8 In particular, two types of policies could be reviewed: those affecting the purchase of private vehicles, including financing, importation and the onboard technologies, and those affecting the relative price of fuel. The impact of these variables, along with the modernization and professionalization of public transport, are essential conditions to try to reverse current trends in motorization and energy consumption.
To select only the mass transit projects that are fully justified. Funding should be conditional, subject to a rigorous process of assessment of technical and economic feasibility and compliance with environmental regulations. Nothing can have a worse impact on the strategy to promote sustainable, efficient mass transportation than a project which fails to offer the expected benefits.
To coordinate and integrate all modes of transport. Actions must go beyond rhetoric and political speech and should include electrical and non-motorized modes of transport. Modernization projects would be approved only if they include, in appropriate scale and in accordance with expected demand, all possible technologies including traditional modes and all types of users. Projects tailored to the human scale could be favoured. Currently, few urban transport projects include some aspect to provide greater accessibility to all users or to promote intermodal integration.
To design and disseminate a "culture of acceptance" toward mass transit. Promoting a more favourable attitude to public transport is part of a strategy to reverse the preference of people to use a private car. The strong resistance of motorists to drive less often is well known, even when they have attractive options in public transport. It could be difficult to compete with commercial promotion of car sales, but it is worse to do nothing.
To improve the instruments of urban transport management. Better concession procedures, fares approval, investment regulations, operating regulations, organizational structures, modernization projects, etc. might be necessary to properly implement new urban transport policies. Improvements at each level of government ensure efficient and safe mass transit operation. It is also necessary to improve the training of staff in all the areas of urban transport. Changing some parts of the institutional framework may be unavoidable in order to face the problems of obsolescent or inefficient practices that hinder decision making. In particular, it is important to achieve a wide and open-minded collaboration to have consistency between objectives and implementation of new policies.
To promote research and development in the field of urban transport. R&D is not only important for the creation or adaptation of technologies for vehicles and facilities. It is also necessary to design management tools of mass transportation systems. Modernization of mass transit requires the development of analytical tools that improve decision-making in planning, design, construction, operation and maintenance. Only R&D can provide an efficient use of resources in the management of transport systems, ensuring quality of service, safety, security, comfort, coverage, reliability and environmental friendliness. Source: Own calculations based on data from tables 6 and 7.
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